
AN EXPERIMENTAL INVESTIGATION
OF LIPOVACCINES
A PRELIMINARY NOTE

E. R. WHITMORE, M.D.
Lieutenant-Colonel, M. C., U. S. Army

WASHINGTON, D. C.

E. A. FENNEL, M.D.
Lieutenant, M. C., U. S. Army

CINCINNATI

AND

W. F. PETERSEN, M.D.
Lieutenant, M. C., U. S. Army

CHICAGO

The advances that have been made in medicine and
surgery as a result of the war in Europe have been,
almost without exception, in the technical improvementof methods before used or in the final and practical
demonstration of the efficacy of certain measures of
prophylaxis (such as typhoid vaccination), the basis of
which has been previously established. Among the
advances has been the preparation of lipovaccines, a

subject that so far has received little or no attention in
this country, but one that seems to us to be of great
value not alone in the relation to immediate medico-
military problems but also in the possibilities that it
offers in the prophylaxis of a number of infectious
diseases in which vaccine immunization heretofore has
been of limited applicability.

It is rather curious that the obvious expediency of
preparing bacterial vaccines in a vehicle less rapidly
absorbed than physiologic sodium chlorid solution has
been completely ignored in the technic of vaccine work,
despite the fact that an ever increasing number of phar¬
macologie preparations in oil have become available
for subcutaneous and intramuscular injections. Was¬
sermann, it is true, made up a staphylococcus vaccine
in the form of an unguentimi, but it was with the pur¬
pose of making the vaccine available to the patient
without hypodermic injection. Zeuner used soap solu¬
tions in making a tuberculin, but here again the object
was the complete solution of the tubercle bacillus, not
an alteration of the rate of absorption. Whitmore
made similar experiments in leprosy. Le Moignic and
Pinoy1 grasped the evident possibilities that presented
themselves in the lipovaccines for use in prophylactic
work. They used at first a mixture of liquid petro¬
latum and lanolin as a base for the vaccine ; later, how¬
ever, vegetable oils were substituted. Achard and
Foix2 reported favorably on similar experiments ; they
had used olive oil in their work ; they noted, however,

From the Department of Pathology, Army Medical School.
1. Le Moignic and Pinoy: Compt. rend. Soc. de biol., 1916, 79,

201, 352.
2. Achard and Foix: Compt. rend. Soc. de biol., 1916, 79, 209.

that the oil, if heated at too high a temperature duringsterilization, seemed to cause abscess formation at
times.

ADVANTAGES OF LIPOVACCINES

Among the advantages derived from the use of oil
vaccines may be considered: (a) the diminution of
both the local and the systemic reaction; (b) the fea¬
sibility of giving sufficient vaccine at a single injection
properly to immunize the individual; (c) the persis¬
tence in the individual of a focus from which the
immunization proceeds over a period of several months
with a resulting lengthening of the period of immunity ;
(d) the actual detoxicating effect., of certain lipoidsthat can be incorporated in the vaccine, and (e) the
prevention of autolysis and deterioration of the vaccine.

The vaccine used in the Army for prophylaxis
against typhoid and paratyphoid fevers contains 1,000
million typhoid and 750 million each of paratyphoid
A and  per cubic centimeter, given in three doses, the
first of 0.5 c.c, the second and third of 1 c.c. each, the
total number of organisms used being, therefore, 6,250
million. This method of immunization, as introduced
by Colonel Russell, gives practically complete protec¬
tion for a period of several years.

The reactions following the injections, however, are
at times rather severe. A period of malaise extendingfor from twelve to forty-eight hours is not uncommon ;
the local reaction, as a rule, is comparatively negligible.When a dose of 7,500 million organisms is prepared
as a lipovaccine, either in olive oil or oil of sweet
almonds, it can be given with less local reaction than
that which follows a single dose of the aqueous vac¬
cine, and an almost entire absence of constitutional
effects.

The possibility of giving the entire immunizing dose
at one time is, for military purposes, an advantage in
relieving the medical service from a not inconsiderable
routine of injections and record work as well.

The persisting focus of slowly absorbing vaccine
may be of certain benefit, too, in the effort to protect
against diseases in which prophylactic immunization,
as heretofore observed, has had but transitory value.
Wright, in working with aqueous pneumococcus vac¬
cination of the Rand laborers, found that protective
effects seemed to disappear after a period of three
months. With a lipo\'accine, absorbing over a longperiod of time, the immunity might conceivably be
prolonged. The same phenomenon may be expected
to apply to meningococcus vaccination.

Lipóvaccines make it possible to take advantage of
the distinct detoxicating effects of certain lipoid com¬
binations, and in this way lessen the reaction, quite
apart from the delayed absorption. It is well recog¬
nized that the true toxins are lipotropic, detoxication
by means of brain substance, by lecithin, by choies-
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terols, and by soaps having been carefully studied.
Even when we are dealing with bacterial endotoxins
and the intoxication arising from the splitting' of bac¬
terial proteins, it is very probable that some lipoids
can act as inhibiting and neutralizing factors. The
incorporation of lanolin (consisting largely of choles¬
térols and fatty acids) in the lipovaccines very prob¬
ably is of value in this direction.

Finally, and from a technical point of view, a not
unimportant advantage in the lipovaccine lies in the
fact that autolysis of the organisms is largely pre¬
vented and the deterioration of the vaccine reduced.
In routine work the organisms for vaccine are killed
at a temperature of 53 C, leaving the intracellular
enzymes of the bacteria partially intact and permitting
autolytic processes to continue. This is particularly
true in such coccus forms as the pneumococcus and
meningococcus. In the preparations of the lipovaccines
the young cultures are rapidly dried—within a half
hour after scraping from the agar—and either are

kept dry until used or ground and mixed with the
proper oils immediately, in which condition autolysis
is largely held in abeyance.

PREPARATION
In view of the possible advantages presented, we

have prepared a series of vaccines in this laboratory
for experimental study. These include :

A. Typhoid-paratyphoid (A and B).
B. Pneumococcus (Types I, II and III).
C. Meningococcus (Types 1, 10, 30 and 60).
D. Dysentery (Shiga, Flexner and Y).
The method of preparation that we have tentatively

employed in making these vaccines is, briefly, as

follows :

Bacteria are grown for about twenty hours in large Petri
dishes on mediums made up essentially as suggested by
Vedder; that is, a meat infusion, soluble starch agar (3 per
cent, agar) enriched with hemolized rabbit's blood. While
it would be possible to use broth cultures for the growth of
the organisms, We rather believe that a better immunizing
product is obtained on agar. The growth is scraped from the
smooth, firm surface by means of a small rubber squeegee,
and transferred to a small Petri dish. The bacterial mass

or paste is next dried at 53 C. in an oven in wdiich a current
of sterile dry air passes over the opened dishes ; the drying
seldom requires more than forty-five minutes, depending,
however, on the thickness to which the bacterial mass has
been spread. After thorough drying, the bacteria remain in
the form of fine, glistening, brittle scales, which are readily
removed by any sharp instrument. The dry weight of the
organism per thousand million being known (a large number
of these determinations are at present being made by
Hersfeld in this laboratory), the bacteria are weighed under
sterile precautions and ground in a ball mill for at least
twenty-four hours. We add a few cubic centimeters of
chloroform-ether to the grinding mass at the beginning of
the process to insure the final killing of any organism still
viable at that time. *

A second method that we have used in some preparations
has been to grow the organisms in Kolle flasks, wash off the
growth with a small amount of distilled water, freeze the
latter, and dry the frozen bacterial mass in vacuo. Both
methods give excellent results, although for the production
of large quantities of vaccine the first method described seems
more expedient.

After thorough grinding, the admixture of the lipoids and
oils is made as follows : Sterile anhydrous lanolin in an

amount sufficient for the percentage desired in the final mix¬
ture (we have employed 10 per cent.) is gently warmed, and
one-half volume of oil (olive oil or oil of sweet almonds)
added to the lanolin, the whole being poured into the ball

mill. The viscid mass is mixed for another six or eight
hours, at the end of which time increasing amounts of oil
are added at intervals until the volume has been brought to
the quantity desired.

The choice of oils used in the preparation is rather
limited. The mineral oils were first tried by the French
observers, but were evidently soon discarded in favor
of vegetable oils, such as olive, sweet almond and
poppy. The oils used must be nonirritating, of slow
absorbability, must not be too viscid for injection,
should withstand complete sterilization without altera¬
tion, and must be available in the market in reasonable
quantities. Mills' work3 gives considerable informa¬
tion concerning the use of a variety of oils for sub¬
cutaneous injection.

We have heated some of our preparations to 53 C.
for thirty fhinutes, although this step is probably not
necessary.

After bottling, sterility is tested by means of bouillon
shake cultures, and animal inoculations aie made for
each run of vaccine.

THE TYPHOID-PARATYPHOID A AND  VACCINE

Experiments with a lipovaccine of typhoid-paraty¬
phoid A and  bacteria prepared in this manner and
containing 7,500 million organisms to the cubic centi¬
meter have led to the following results :

(a) The agglutination titer of rabbits immunized
with a single dose of lipovaccine compares favorably
with that obtained with the three doses of aqueous
vaccine.

(b) Protective experiments made in guinea-pigs
indicate a degree of protection equal to that obtained
with an aqueous vaccine. Table 1 presents a typical

TABLE 1.—PROTECTIVE EXPERIMENTS IN GUINEA-PIGS
Controls Immunized Animals »

Weight, Loops oí Weight, Loops ol
Gm. Bacteria Result Gm. Bacteria Result
510 4 + 12/15/17 480 4 + 12/17/17
590 5 + 12/16/17 580 5 Remained well
560 6 + 12/14/17 480 6 Remained well

protocol. Young guinea-pigs were injected with 1 c.c.
of vaccine, Dec. 1, 1917. December 11, three were

injected intraperitoneally with increasing doses of
fresh cultures of typhoid organisms.

(c) The agglutination in human serum following
a single inoculation is equal to or exceeds that obtained
following the aqueous Army vaccine. In the chart
the result of the composite agglutinin response in three
groups of physicians of twelve each, who were inocu¬
lated with our preparation, with a French preparation
and with the Army triple vaccine is shown.

It is rather interesting to note that the agglutinin
response to paratyphoid  in the lipovaccine group
lags far behind the others. Whether this is due to the
greater dosage of this particular organism employed
in the vaccine, or to some other factor, we do not
know.

(d) The reaction, both local and general, following
the injection of the vaccine is relatively mild, and of
the original group of twenty-four men who received
the oil vaccines, only one gave a temperature rise of
more than 1 degree.

THE PNEUMOCOCCUS VACCINE
It is, of course, well known not only that well

marked differences exist in the human mortality for
3. Mills, L. H.: The Utilization of Fats and Oils Given Subcu-

taneously, Arch. Int. Med., May, 1911, p. 694.
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the different types of pneumococci, but also that the
direct toxicity of the organisms varies. In a prelimi¬
nary titration of the toxicity of the drier organisms
injected into mice subcutaneously in salt solution, the
results given in Table 2 were obtained.

TABLE 2.—TOXICITY OP PNEUMOCOCCUS VACCINE FOR MICE

Type I Type II Type III

20 mg. + 24 hours 20 mg. Remained alive 20 mg. + 2 days10 mg. Remained alive 10 mg. Remained alive 10 mg. + 3 days
5 mg. Remained alive 5 mg. Remained alive 5 mg. + 3 days
2.5 mg. Remained alive 2.5 mg. Remained alive 2.5 mg. Remained well

In our first vaccine we therefore omitted Type III,
the vaccine being made up to contain the following
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exceedingly toxic, both for animals and in human
beings, producing a severe general reaction. A sterile
abscess formed after two weeks at the site of injection.

In the present vaccine we have again omitted the
Type III organism, and are using approximately 15,000
millions each of Type I and Type II per cubic centi¬
meter of vaccine. This vaccine can be given with
only a very mild local reaction and practically no con¬
stitutional effect as far as we are able to judge in the
limited number of cases in which the injections have
been made in human beings. Protective experiments
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Comparative agglutination curves of our triple typhoid vaccine in oil, our triple typhoid vaccine in saline solution, and the French triple
typhoid vaccine in oil. The agglutinations are in agglutinin units; to get the dilution, it is necessary to multiply by the factor set down
for each organism. Composite, twelve men in each group. Continuous line, Paratyphoid A; dotted line, Paratyphoid B; Factor, T—8.0;
A=4.0; B=4.0.

still existent after six weeks; for Type II (1:20 dilu¬
tion) these remained for two weeks.

A second man developed agglutinine for Type I
(1: 15 dilution), and for Type II (1: 40 dilution) ; but
after six weeks no agglutinins were present.

Two rabbits were injected at the same time; the
serum of one, unfortunately was lost. The other
rabbit developed agglutinin for Types I and II (1: 10
and 1:20 dilutions, respectively).

Protection experiments in mice with this vaccine
resulted as follows : Six mice were injected with 0.5 c.c.
and six with 0.25 c.c, Nov. 24, 1917; December 10,
they were injected with a twenty-four hour broth cul¬
ture of Type II with the result given in Table 3.

A second series of mice was vaccinated, Dec. 5, 1917
(0.25 c.c), and injected, Jan. 5, 1918, with a relatively

avirulent strain of Type I, with the result given in
Table 4.

The second preparation was made up containing
approximately 15,000 million per cubic centimeter of
Types I, II and III. This vaccine, however, was

TABLE 3—PROTECTION EXPERIMENTS IN MICE WITH FIRST

Controls

1/500 c.c.
1/1,000 c.c.
1/5.0OO c.c.
1/10,000 c.C.
1/50.0.10 c.c.

+ 12/12/17
+ 12/12/17
+ 12/12/17
+ 12/12/17
+ 12/11/17

1/100,000 c.c. + 12/12/17

VACCINE
Vaccinated

0.25 O.e.
Remained alive
+ 12/12/17
+ 12/12/17

4. + 12/12/17
5. + 12/12/17
6. Remained well

0.5 C.c.
1. + 12/12/17
2. + 12/12/17
3. + 12/12/17
4. + 12/12/17
5. + 12/13/17
6. Remained wel

in mice and agglutination experiments in man with this
vaccine are not sufficiently advanced to draw definite
conclusions as to its probable value, although the
recent work of Lister in South Africa would seem to

TABLE 4.—RESULTS WITH AVIRULENT STRAIN OF TYPE -1
Control Vaccinated mice

1. 1/1,000 + 1/6/18 1. + 1/7/18
2. 1/5,000 + 1/7/18 2. Remained well
S. 1/10,000 + 1/7/18 3. + 1/7/18
4. 1/50,000 Remained well 4. Remained well

indicate very definite protective value for pneumo¬
coccus vaccination properly carried out.

MENINGOCOCCUS VACCINE
In the preparation of meningococcus vaccine we

have used Strains 1, 10, 30 and 60 (Rockefeller), of
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which we have incorporated approximately 10,000 mil¬
lion of each strain per cubic centimeter. The menin-
gococcus shows considerable variation in weight,
corresponding to its fluctuation in morphology ; Strain
1, however, weighs approximately 0.1 mg. per thou¬
sand million with considerable consistency. We have,
therefore, made up the vaccine with 1 gm. of each of
the dried organism per liter.

We have injected a series of rabbits (twelve) with
this vaccine, using a dose of 1 c.c, and in a series an
additional dosage of 1.5 c.c. three days following the
first dose. With two exceptions, all show decided
agglutination for Strain 10; several for Strain 30; the
majority for Strain 60, some in a dilution of 1:200.
Only one of this series showed agglutination for Strain
1 (1.25 dilution).The men injected have been divided into three
groups :

One group of twenty-five received a 1 c.c. dose of
this vaccine, with very mild local and no constitutional
effect. Of these only two have so far given any agglu¬
tinin response (three weeks).

A second group of twenty-five received 1 c.c, Jan.
12, 1918, and a second dose, January 15. Following
the second dose, two men complained of some consti¬
tutional effects.

In this group no agglutinine have developed by Jan¬
uary 21 for Strain 1 ; all but, five have developed agglu-
tinins for Strain 10 (some as high as 1:800 dilution).
Five have developed agglutinins for Strain 30 in
the lower dilutions (1:12 and 1:25). None have
responded to Strain 60.

A third group of five men received 1 c.c. of a vac¬
cine made up twice as strong as the previous vaccine
(2 gm. of each type to the liter), January 18. This
vaccine was followed after twenty-four hours by a

moderate general reaction. Of this group, one

responded in four days in the lower dilutions to Strain
1 ; three to Strain 10, and one to Strain 30 ; but none
to Strain 60.

THE DYSENTERY VACCINE
Vaccination against bacillary dysentery has hereto¬

fore encountered serious difficulties because of the pro¬
nounced toxicity of all aqueous preparations employed.
The attenuation of the toxicity of dysentery vaccine
when prepared in oil is illustrated in the following
experiment :

Five thousand million Shiga bacilli (aqueous vaccine) per
cubic centimeter injected into a rabbit was followed by death
in two days.

The same dose, prepared as an oil vaccine, was well toler¬
ated by a rabbit, although no agglutinin production was to
be observed.

For preliminary experiments we have prepared a
vaccine containing 2,000 million each of the Shiga,
Flexner and Y types. Injection into rabbits has
resulted in the following agglutinin curve :

One rabbit received 1 c.c, Dec. 17,1917, and another
2 c.c, Dec. 17, 1917. Both have responded with agglu¬
tinins to all three strains, the rabbit receiving the
larger dose agglutinating in the following dilution :

Shiga, 1: 100; Flexner, 1: 400; Y, 1: 1,600.
Two human beings were injected, one receiving 0.25

c.c, the other 1 c.c. In neither case were the reac¬
tions at all marked either locally or systemically.
There was no agglutinin response in the first case ; the
second man has responded in the following dilutions :

Flexner, 1: 200 ; Y, 1: 37 ; Shiga, 1: 25.

Because of the demands of other work, we have not
carried these experiments farther for the time being.

METHODS OF PRESERVATION

In the preparation of aqueous vaccines, certain of the
coal tar preservatives—tricresol, etc.—are commonly
added as preservatives. Unfortunately, as Koch
showed in some of his early work, practically all of the
common disinfectants and preservatives are lipotropic,
and in the presence of lipoids and fats are without
effect on bacteria. Both vegetative and spore forms
of tetanus, and Welch bacilli seeded into oils and
treated at room and incubator temperature with large
percentages of ether and chloroform, remain viable
(Dr. Pritchett of the Rockefeller Institute very kindly
carried out these experiments for us). Iodin has so
far given us the best results, and has the advantage
that it soon combines with the unsaturated oils, and is
thereby rendered inert after it has served its purpose.
Whether iodin will alter the antigenic property of the
vaccine is still to be determined. The attenuation of
toxins by means of iodin is, of course, a well recog¬nized procedure. At present no antiseptic of any kind
is added to the vaccine as we prepare it.

METHOD OF ADMINISTRATION

Because of the tendency of the oil of the vaccine to
make the glassware and needles slippery, the injection
of the lipovaccine seems at first to be more tedious and
disagreeable to one who has worked with the aqueous
vaccine for any length of time. Certain precautions
must be taken, too, that are less essential in the manipu¬
lation of the aqueous vaccine. The skin should be
sterilized with iodin. The vaccine should be warmed
slightly (37 C. is sufficient) to facilitate the ready flow
of the oil. It is well to use a large bore needle (if the
point is kept properly sharpened the pain of injection
is not increased thereby), and to draw up the oil into
the barrel with the needle detached. Absolute care
must be observed to prevent an intravenous injection.
The large size of the injecting needle leaves a punc¬
ture from which the oil has a tendency to run back ;
to prevent this we press a small iodin swab firmly
against the puncture until the flow ceases. This pre¬
vents, too, the occurrence of superficial puncture infec¬
tions, which are apt to follow if the needle puncture
is permitted to remain open and the clothing pulled
down over it.

CONCLUSIONS

While we regard our work as purely preliminary,
we have gained the impression that the lipovaccine
offers a number of advantages over the aqueous prep¬
aration. The production of the vaccine is, of course,
more laborious and expensive, and a number of. tech¬
nical problems remain to be studied in connection with
it, together with detailed investigations of the compara¬
tive antigenic value. Apart from the typhoid-
paratyphoid A and  preparation, the pneumococcus
and meningococcus vaccines have been of interest to
us because of the apparently ready response in agglu¬
tinine of both animals and man to a single injection.
Whether such a response properly portrays the protec¬
tive value of the vaccine is, of course, not to be deter¬
mined in so short a period of time as has been available
to us. Protection tests in animals vaccinated with the
triple typhoid lipovaccine have indicated the develop¬
ment of a considerable degree of resistance, and sim*
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ilar experiments carried out in mice following pneumo¬
coccus vaccination gave some evidence of protection.
The latter experiments, together with those under way
with meningococcus vaccine, are, however, not suffi¬
ciently advanced to permit us to draw definite
conclusions.

TYPE DETERMINATION OF PNEUMO-
COCCUS INFECTION

AS PRACTICED IN THE FIELD WITH AVERY'S NEW
CULTURAL METHOD

WARREN T. VAUGHAN, M.D.
Lieutenant, M. R. C., U. S. Army

ANN ARBOR, MICH.

The clearly demonstrated beneficial results in the
use of Type I serum for the treatment of cases of
lobar pneumonia infected with Type I pneumococcus
has led to the introduction in the hospitals of the
United States Army of type determination as a part of
the routine treatment of cases of lobar and broncho-
pneumonia. The shortage of mice, however, has been
so great that in many places it has been absolutely
impossible to obtain these animals for laboratory use.
It is indeed fortunate, therefore, that the cultural
method recently devised by Avery, the so-called "arti-
ficial mouse," has been placed at the disposal of labora-
tory workers in the Army base hospitals. I have used
the method described by him in one of the base hos-
pitals, and it has given complete satisfaction, as far as

practical results are concerned. Since laboratory
equipment in these institutions is necessarily somewhat
curtailed, and since it is essentially the same in all
such laboratories, I take this occasion to describe in
some detail the routine that I have worked out, and I
do so with the hope that it may be of use to others.
For reasons of economy, it has been found necessary,
first, to use as little apparatus as practicable, and sec¬

ondly, when working with the sputum itself or with
mediums containing pneumococci, to use exceedingly
cheap apparatus which may be immediately disposed
of by burning, thereby saving time and trouble in sub¬
sequent cleaning and sterilization. The method here
outlined is rather rough, but it is to be recommended
on account of its simplicity, reliability and rapidity of
execution.

APPARATUS

The following is a list of articles required in the
carrying out of group determination :

Beef ¡Afusión broth. (One thousand c.c. should be enough
for the determination of 250 sputums.)

Twenty per cent, sterile glucose solution. (This can be
made by autoclaving 50 c.c. of distilled water in a 4 ounce
bottle with a rubber stopper, and subsequently adding to this
10 gm. chemically pure glucose. This is then sterilized by
boiling.)

Sterile defibrinated blood. (This can best be obtained by
autoclaving an ordinary 2 or 4 ounce bottle with a rubber
stopper, in which have been placed several glass beads.
Twenty or 30 c.c. of blood may then be drawn from the arm

vein of a patient whose blood is known to be normal, a
' sterile glass syringe, as for the Wassermann technic, being

used. This is immediately transferred to the sterile bottle,
which is then shaken to defibrinate the blood.)

(These three ingredients of the culture mediums may be
kept separately in the ice-box, and portions drawn off, as

needed, with a sterile pipet. There is no great danger of

contamination ; but if this method is followed, no larger
amounts of blood and glucose solution should be kept in each
bottle, and the sterile beef infusion broth should be in 250
or 300 c.c. lots. The other method that may be followed is
that of keeping the culture medium in centrifuge tubes with
the various ingredients already mixed and in the proper
proportions.)

Two 4 ounce bottles for glucose solution and blood.
From twelve to twenty-four glass beads.
Five or more 10 c.c. graduated pipets, which may be rolled

up in a towel and sterilized by dry heat.
Twelve or more small nongraduated pipets about 8 inches

long, which may easily be made from ordinary glass tubing
of about 7 mm. diameter.

Twenty-four or more centrifuge tubes or heavy glass test
tubes of similar size, suitable for using in a centrifuge.

Agglutination tubes, from four to six dozen or more. (The
small, thick glass tubes, 3 inches long and three-eighths inch
in diameter, usually on hand in the base hospital laboratories,
are entirely satisfactory for this purpose.)

Porcelain dish for concentrating urine.
Four deep glasses for decolorizing Gram's stain, etc. (If

regular glasses are not on hand, nurses' medicine glasses are

very satisfactory.)
Gram's stain.
Hiss' capsule stain.
Ziehl-Neelsen stain.
Microscope with oil immersion lens.
Glass microscope slides.
Incubator (37 C.).
Dishes for holding disinfecting solution, preferably cresol.

(One should be about the size of a 1 quart Mason jar, and is
used as a receptacle for contaminated pipets. A Mason jar
will do, or another article that is always on hand is an

empty tin can for alcohol, 2 pound size, the cover of which
may be removed with a can opener or by merely melting the
solder by inverting on a hot stove lid. Tin wash basins are
satisfactory for discarded centrifuge and agglutination tubes.
The bottom half of unused white enamel cuspidors is of
convenient size and shape. The work done at this base hos-.
pital was in a temporary laboratory located in the pneumonia
ward, and it was decided that the cuspidors regularly allotted
to the ward were thus being put to infinitely greater advan¬
tage than had they been standing on the floor of the ward.)

Alcohol lamp.
Tripod for porcelain dish.
Platinum loop.
Immune serums, Types I, II and III, for diagnostic purposes.
Six medicine droppers for staining.
Two rubber nipples for use on nongraduated pipets.
Cresol solution.
Test tube racks.

METHOD OF PROCEDURE
As soon as the patient is admitted to the ward, a

fresh sputum specimen is sent to the laboratory, where
it is stained by Gram's stain and by Hiss' capsule stain.
Frequently several sputums are to be examined at once,and the culture medium, if not already stored in the
centrifuge tubes, is     made up from the three bottles
of broth, blood and glucose. With a sterile 10 c.c.
pipet, 10 c.c. of broth are drawn up and distributed
equally into three centrifuge tubes. Provided the pipetis not contaminated by touching anything, this process
can be repeated with the same pipet until the desired
number of tubes have been prepared. If sterile pipets
are scarce, the same pipet may now be used to draw
up glucose solution, and approximately 0.2 c.c. is dis¬
tributed to each of the centrifuge tubes. Blood is
now distributed in the same manner and in the same
amount as the glucose solution. This preparation of
medium takes only a few minutes. It must be empha¬sized, however, that whenever not in use, the ingredi¬
ents must be kept in the ice-box.
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